Wind turbine blades are shaped to generate the maximum power from the wind at the minimum cost. The shape of rotor blade plays an important role in determining the overall aerodynamic performance of a horizontal axis wind turbine. The focus is on research regarding a kind of Passive flow control (PFC) as it is applied to alter wind turbine performance and loads. Boundary Layer Fence (vortex generator) , a well known passive flow control device, which is previously used for aircraft application for stopping the 3Dimensional nature of the flow, is employed for wind turbine application in this work. The passive flow control is installed in different radial locations viz., r/R= 0.3, 0.4, 0.5, 0.6, 0.7and0.8 and the variation of Coefficient of Lift (Cl) and Coefficient of Drag (Cd) for various cross sections were reported. In all these locations, aerodynamic noise is also computed in the downstream and it is also discussed.
Introduction
Wind turbines interact with the wind, capturing a part of its kinetic energy and convert it in to usable energy. This energy conversion is because of several phenomena. The efficiency of wind turbine blade is an important one. From the theory of Incompressible flow over finite aircraft wings, when the incoming wind is flown over the Blade, there is a quantifiable amount of span wise flow, called as third dimensional flow which is other than axial and lateral component. Due to this span wise flow, vortices are created near the wing tip. The strength of the vortices contributes to the total drag of the blade by the name induced drag. In wind turbines, the resulting pressure difference causes inward span wise flow on the suction side and outward span wise flow on the pressure side near the tip. At the trailing edge, vortices are generated, which is the origin of induced drag. The purpose of adding a wing fence to the rotor blade design is to decrease the induced drag from the blade by changing the downwash distribution. Reduction of total drag is obtained if the additional drag from the vortex generator (a fence, normal to the blade) is less than the reduction of the induced drag on the remaining blade. The art is then to design a vortex generator, which reduce the induced drag and increase the power production.
Wind turbines generate sound via various routes, both mechanical and aerodynamic. As the technology has advanced, wind turbines have gotten much quieter, but sound from wind turbines is still an important siting criterion. Sound emissions from wind turbine have been one of the more studied environmental impact areas in wind energy engineering. In general, the effects of noise on people can be classified into three general categories: 1. Subjective effects including annoyance, nuisance, dissatisfaction, 2. Interference with activities such as speech, sleep, and learning and 3. Physiological effects such as anxiety, tinnitus, or hearing loss.
In almost all cases, the sound levels associated with wind turbines large & small produce effects only in the first two categories, with modern turbines typically producing only the first. The third category includes such situations as work inside industrial plants and around aircraft. Whether a sound is objectionable will depend on the type of sound (tonal, broadband, low frequency, or impulsive) and the circumstances and sensitivity of the person (or receptor) who hears it. Because of the wide variation in the levels of individual tolerance for noise, there is no completely satisfactory way to measure the subjective effects of noise or of the corresponding reactions of annoyance and dissatisfaction. Operating sound produced from wind turbines is considerably different in level and nature than most large scale power plants, which can be classified as industrial sources. Wind turbines are often sited in rural or remote areas that have a corresponding ambient sound character. Furthermore, while noise may be a concern to the public living near wind turbines, much of the sound emitted from the turbines is masked by ambient or the background sounds of the wind itself. The sound produced by wind turbines has diminished as the technology has improved. As blade airfoils have become more efficient, more of the wind energy is converted into rotational energy, and less into acoustic energy. Vibration damping and improved mechanical design have also significantly reduced noise from mechanical sources. Due to this research on wind turbine noise plays a significant role.
The objective of the present work is to install a vortex generator in the various span wise locations (r/R = 0.3,0.4, 0.5, 0.6, 0.7, 0.8 and 0.9 ) on a rotating wind turbine blade and to quantify the amount of variation happen in the flow components as well as the aerodynamic noise downstream of the turbine computationally.
Methodology

Problem Definition
In the Present work, an attempt is made to study the effectiveness of installing a vortex generator in the various span wise locations of an NREL Phase VI wind turbine blade. The reason for selecting the NREL Phase VI blade for the study is many researchers have did experiments with this blade and many used this blade as a bench mark for their studies. The In addition to the above, an attempt is made to calculate the aerodynamic noise generated due to the rotation of the wind turbine blades with and without installing vortex generators at various span wise locations say r/R = 0.3,0.4,0.5,0.6,0.7,0.8 and 0.9. In fluent, an inbuilt specialized code, the FFWH code is available for noise calculation and that is employed for the calculation purpose. For activating the code, receivers should be set at different required locations and the intensity of the noise is computed on that particular locations. As per the international standard (ref.5), the aerodynamic noise downstream wind turbine is also observed at a length of 17m . The setup is shown in Figure 2 .
The height of the vortex generator is calculated by considering the displacement thickness over the surface of airfoil. Based on the boundary layer thickness, the vortex generator height is determined. The boundary layer thickness is calculated at the location where the vortex generator is installed , for an optimum velocity of 15m/s by taking sea level density and viscosity into account and the vortex generator is designed in such a way that the height of it is set above than the calculated boundary layer thickness at that location.
CFD Solver
The geometric model of the NREL rotor blade was constructed according to the available data (ref.2) using Catia. A Well known CFD solver, ANSYS -Fluent is used for the present study. It is an unstructured, multipurpose, finite volume based, Navier strokes CFD solver. It offers a wide range of physical models, starting with the basic two equation models k-epsilon, k-Omega up to the latest SST k-Omega (4 equations), LES and DES. Several numerical solvers are available, pressure/density based, steady/transient state, Implicit/Explicit etc.
The Ffowcs Williams and Hawkings (FW-H) equation is used to compute the aerodynamic noise. It is essentially an inhomogeneous wave equation that can be derived by manipulating the continuity equation and the Navier-Stokes equations. The FW-H formulation in fluent can handle rotating surfaces as well as stationary surfaces. The procedure for computing sound using the FW-H acoustics model in fluent consists largely of two steps. In the first step, a time-accurate flow solution is generated, from which time histories of the relevant variables (e.g., pressure, velocity, and density) on the selected source surfaces are obtained. In the second step, sound pressure signals at the user-specified receiver locations are computed using the source data collected during the first step. In computing sound pressure using the FW-H integral solution, fluent uses a so-called forward-time projection" to account for the time delay between the emission time (the time at which the sound is emitted from the source) and the reception time (the time at which the sound arrives at the receiver location). The domain consists of 4.7 million cells. Boundary layer mesh is formed near the blade for capturing the flow properties. Grid independence study was carried out and finally a grid independent solution is arrived at 10 layers adjacent to the blade with a Y+ value of 1 and the first cell length is 0.034 mm. Unstructured grid is formed in the domain other than the above said layers. The mesh is shown in Figure 3 .The blade is kept stationary and is given the "WALL" boundary condition. The blades are arranged inside a small cylindrical layer which is made to rotate with 72 RPM for the study. "Symmetry" conditions are given in the far field domain. It is shown in Figure. From the Figure 7 it is clear that there is a considerable amount of decrease in sound pressure level due to the addition of a vortex generator at the various span wise stations. In all the cases (r/R =0.3, 0.4, 0.5, 0.6, 0.7, 0.8 and 0.9) the sound pressure level is found to be reduced when compared with the conventional blade results. A maximum of 12.97% reduction in the sound pressure level is found in the blade with vortex generator installed at r/R = 0.9. As stated in ref. 5 , it is inferred that the sound pressure level at the root is lower than that of the tip. 
